The theory also predicts that the instability will only occur above some critical plume-head flow velocity, and that mantle plume conditions are generally supercritical.
Introduction
Thermal plumes in the Earth's mantle display significant time-dependent behavior. The existence of discrete islands in hotspot tracks (e.g., the Emperor-Hawaiian island chain) is evidence of the apparently pulsating nature of mantle plurnes. Mechanisms to explain time-dependent behavior have primarily focussed on the dynamics of the plume conduits. Pulsating behavior has been attributed to the tilting and breakup of a plume conduit under large scale mantle shear flow (Skilbeck and Whitehead, 1978) or to solitary wave propagation along the plume conduit (Scott et al., 1986; Olson and Christensen, 1986 ). Here we present the results of laboratory experiments and theory which suggest that oscillatory behavior can also occur in mantle plume heads in the form of horizontally propagating waves. These waves possibly result from an oscillatory instability which can occur in the flow of cooling temperature-dependentviscosity fluid. Wave propagation and oscillatory behavior in plume heads may influence hotspot temporal variability and the spatial structure of swells. In this note, we report the laboratory observation of the plume-head waves and present a simple theory to illustrate a possible mechanism for the waves.
Laboratory Experiments
The laboratory experiment involves heating "Karo" brand corn syrup to 70øC in an isothermal bath and feeding the hot syrup into a glass tank (50c•r• x 65cra base; 25cm height) of room temperature (25øC) corn syrup through a plastic pipe with an inner diameter of 1.5cm and an outer diameter of 2.0cm. Laboratory experiments with thermal plumes in fluids with temperature-dependent viscosity suggest that outwardly propagating waves form in the horizontally spreading, disk-shaped head of the plurne. These plume-head waves are apparently self-sustaining, which a theoretical model suggests is because the waves form as an oscillatory instability (i.e., the waves can continuously grow from small disturbances). The theory also indicates that the instability can occur at actual mantle-plume conditions. Both the experiment and theory indicate that the waves are most pronounced in the colder regions of the plume head. Thus, if the waves (or wave-like structure) are to be observed in an actual hotspot swell, they might be most noticeable near the flanks of the swell.
